The purpose of the present study is to determine the performance of ultrasound markers in transvaginal scan (TVS) for the diagnosis of early pregnancy loss (EPL).
IntroductIon
The diagnosis of abortion is an integral part of the antenatal care. With an advent of ultrasound scan (USS), diagnosis has become easy and accurate. In normal pregnancy, embryonic development is relatively uniform and the milestones on USS are gestational sac (GS), yolk sac (YS), embryonic pole, and cardiac activity. The early pregnancy loss (EPL) (spontaneous abortion <10 weeks) is classified as anembryonic miscarriage, YS miscarriage, and embryonic miscarriage. 1 The gestational age and type of pregnancy demise help to understand etiopathogenesis of EPL. 2 Accurate diagnosis is essential as to avoid inadvertent termination of viable pregnancy. The criteria for diagnosis of EPL are empty GS of greater than 25 mm and crown rump length (CRL) of greater than 7 mm without cardiac activity. 1 Others are firstvisit scan with GS but without YS and repeat scan after 2 week suggesting absence of embryo and heartbeat. Similarly, first-visit scan with GS and YS but neither embryo nor heartbeat on interval scan. This emphasizes on the need for repeat US in order to comment on viability at interval of 7-14 days. 1 The US parameters, biochemical markers, and demographic data have been published in literature for prediction of miscarriage. 3 -6 However, many of them are retrospective studies with contradictory results. Hence, the present study is carried out to know the performance of gestational sac diameter (GSD), yolk sac diameter (YSD), CRL, GSD-CRL difference, and heart rate (HR) for EPLs along with demographic factors impact. married life, method of conception, previous history of abortion, associated symptoms (bleeding per vagina, suprapubic pain, backache), and comorbidities, if any.
Transvaginal scan was carried out with a 7.5-MHz transducer on HD Philips Clear View 350 to determine the pregnancy location, gestation age, and viability. All scans were performed by a single trained sonologist. Gestational age-specific parameters were noted at the booking visit, and patients with inconclusive scan report were asked to follow up after a week or 10 days. A GS is calculated as an average of three perpendicular diameters with calipers being placed at the inner edges of the trophoblast. A YS is calculated as an average of three perpendicular diameters with calipers being placed at inner edges of the YS walls. Simultaneously, variations in morphology (irregular GS, absent, calcified, or irregular YS) were noted. Crown rump length is measured in the sagittal plane with care being taken to exclude YS. The full length of embryo was measured when CRL was not discriminated due to small embryo length. Heart rate is calculated as beats per minute (bpm) in the frozen M mode image by the distance between two heart waves. For the diagnosis of EPL, criteria laid by European society of human reproduction and embryology (ESHRE) were followed. 7 Women with inconclusive scan were asked for follow-up scans after 7-10 days.
After detection of intrauterine pregnancy, all women were subsequently followed up through antenatal visits and any event of suprapubic pain, backache, or bleeding per vagina was recorded. Pregnancy outcome at 14 completed weeks was divided into two groups. Group I had ongoing pregnancy beyond 14 weeks and group II with loss of pregnancy before 14 weeks of gestation in any form, i.e., anembryonic miscarriage (presence of only GS on USS done 1 week apart with no embryo), YS miscarriage (USS with presence of GS and YS with no embryo on two occasions 1 week apart), embryonic miscarriage (on USS done 1 week apart showing embryo with no cardiac activity), and missed miscarriage (spontaneous fetal demise before 14 weeks' gestation with or without prior demonstrable cardiac activity).
Analysis
Data were analyzed using the Scientific Package for Social Sciences (SPSS) 20 software. Analysis of categorical data was done by frequencies and compared by the Chi-square test. For continuous data, mean and standard deviation were derived for both groups and compared by an independent sample t test. The p value of less than 0.05 was considered to be statistically significant. The 5th, 50th, and 95th centile values for all parameters with respect to the period of gestation were derived and compared. To obtain HR centile value only, embryos with cardiac activity were considered. Similarly, for calculating CRL centile value, anembryonic and YS miscarriages were excluded. A receiver operating character curve was used to see the screening performance of each parameter under the study.
results
A total of 365 women were included, and 335 women (91.7%) could be followed up to 14 weeks. Among them, 272 women (group I) had viable pregnancy, and 63 women (group II) were diagnosed with nonviable pregnancy. Table 1 shows demographic characteristics in both the groups, where only age was found to be significantly associated with the incidence of EPL. The detection of viable pregnancy was earlier in ongoing pregnancies in comparison to the miscarriage group. Table 2 suggests symptom association with EPL, where odds ratio (OR) of 10.2 and 7.7 are found for suprapubic pain and bleeding per vagina, respectively. We found significant association of diabetes mellitus and hypothyroidism with EPL. Table 3 denotes the distribution of centile values in studied populations. Table 4 suggests ≤5th centile values at different gestation in both the groups and performance of various parameters. The detection rate of EPL was highest for HR below 5th centile (57%). Table 5 suggests area under the curve (AUC) was excellent for HR, which was 0.98. The best cutoff values were derived for all parameters in receiver-operating curve and it was found that MSD value of less than 20 mm has sensitivity of 60% with 77% specificity; for CRL of less than 7.5 mm, it was 61% and 75%; for HR less than 85 bpm, it was 85% and 99%; and for MSD-CRL difference of less than 8.5 mm, it was 91% and 46%, respectively dIscussIon The incidence EPL was 18% (63/335) in our study. The maternal age was in range of 18-42 years. We found higher incidence of EPL at extremes of age, i.e., less than 20 and more than 35 years. It was 29.9% for age of greater than 35 years in the present study. A study by Papaioannou et al. 3 found higher maternal mean age (33.5 years) for the miscarriage group and Wie et al. 4 found 26.7% incidence for advanced maternal age (>35 years). The association between maternal age and EPL reflects both biological mechanisms and forces of selection, 8 meaning increased risk is attributable to chromosomal abnormalities and medical comorbidities at older age. We had only eight women of age less than 20 years, where EPL was noted in 37.5%.
There was no significant association of EPL with parity, previous abortion, duration of marriage life, and mode of conception in our study, which was in accordance to the study by Makrydimas et al. 6 In the literature, although there is an evidence, which supports the association of above-mentioned factors with miscarriage. 8 -11 In the present study, we found, bleeding per vagina was associated significantly with miscarriage (OR-7.7). Makrydimas et al. noted that the incidence of miscarriage was 2.6 times higher among subjects with history of bleeding per vagina. 6 Bleeding per vagina is an early feature of miscarriage. A study by Falco et al. found the rate of miscarriage in a women with the bleeding episode in a viable pregnancy was 10%, whereas with nonviable pregnancy it was 40%. 12 We found that suprapubic pain was significantly associated with EPL (OR-10.2). A study by Wie et al. 4 found statistically significant higher incidence of miscarriage among woman with abdominal pain; similar results were noted in a study by Papaioannou et al. 3 Back pain was found more in the miscarriage group, but it was statistically insignificantly in our study.
We observed that mean sac diameter (MSD) less than 5th centile for GA was noticed in 18 of 365 (5%) of the study group and resulted in abortion for 17 of 18 (94.4%) pregnancies. However, it could predict only 26.9% of total EPL, which was in concordance with the study by Pappaioannou et al. 3 (23.6%) and Dickey et al. 13 (23.9%). The study by Wie et al. 4 found a higher sensitivity of 46.7%. We found the positive likelihood ratio of 67%, suggesting EPL increases to when GS was less than 5th centiles. The restriction of GS means constriction of the coelomic cavity or the amniotic cavity or both and may be associated with subsequent growth impairment or oligohydramnios. 6 The restricted growth of GS usually occurs after 3 mm size and can be attributed to the defective vascularization of chorio-decidua as seen in the conceptus with chromosomal abnormality. 14 The higher value (>95th centile) observed in 15 of 365 (4.8%) was not associated with pregnancy mishaps. However, it needs more data to prove its beneficial effect.
Since the developing embryo derives its nutrition from YS before placenta is formed, adequate size and functional YS is necessary. Too big (>5 mm) and too small (<2 mm) YS hampers growth of embryo and thus leads to adverse outcome. Other abnormal morphological parameters are absent YS and irregular and calcified sac. 15 , 16 We observed low value of YS in 29 of 335 (8.65%) pregnancies and observed statistically significant association with EPL. Similar significance was observed with higher value of YSD. The YSD less than 5th and greater than 95th centile for GA had odds of 3.6 and 2.8, respectively, for prediction of EPL. This findings are consistent with several studies. 3 , 17 , 18 The small CRL (<5th centile for GA) was found in 6.2% in the study, resulted in 80% EPL rate. It had a sensitivity of 30.7%, which was found to be 35% to 63% in various studies. 19 , 20 Small CRL indicates either delayed conception or growth restriction but not producing immediate mishaps, hence with less detection power (low sensitivity). It provided odds of 29.7 and a positive likelihood ratio of 29% for the development of EPL with CRL less than 5th centile. The higher CRL was not found with higher pregnancy mishaps.
We observed 92% (16/20) abortion in the cohort of HR less than 5th centile. The sensitivity of embryonic HR (<5th centile) for prediction of EPL was found to be 57%, which was between 26 and 50% in various studies. 3 , 6 , 21 The present study also confirms that embryonic HR has highest predictive value among different parameters. We had 15 of 21 (70%) pregnancies in group II and 6 of 272 (2.2%) pregnancies in group I with HR less than 100. We found 70% incidence of miscarriage in HR less than 100 bpm. As the drop in HR beyond 100 bpm increases probability of EPL, hence all reported bradycardia needs to be evaluated after 7-10 days for the outcome. The small GS syndrome is a less than 5 mm difference between GS and CRL. 22 This sign is rare, but its presence indicates higher chances of EPL, up to 90%. MSD-CRL difference of less than 5 mm was found in 4% of the total sample and had a sensitivity of 57% in our study. Mean MSD-CRL was 13.8 ± 4.3 vs 10.1 ± 4.6 mm, which was significantly different (p < 0.05) in both the groups. Similar results were observed in study by Bromley et al. and Ahemd et al. 5 , 22 As GS and CRL are gestation-dependent, hence the delta value could have been more specific for prediction than the original value at different gestations, which we have not analyzed.
Univariate analysis showed significant association of age, symptoms like bleeding per vagina, suprapubic pain and low MSD, CRL, HR, and difference of MSD-CRL with EPL (p value < 0.05). Hence, binary logistic regression analysis was applied, and it was found that the prediction of miscarriage had inverse relation with MSD (OR-0.85), HR (OR-0.9), and CRL (OR-0.79). We couldn't demonstrate significant correlation with bleeding per vagina, abdominal pain, and YSD on binary logistic regression. The results were consistent with the study by Papaioannou et al., which demonstrated that prediction of miscarriage was inversely related to MSD (OR-0.84), CRL (OR-0.79), and HR (OR-0.96). 3 We also constructed ROC, and prediction of miscarriage for all the parameters under study was good to excellent, except for the YS. We were able to derive the best cutoff values for the study parameters. Different studies with cutoff values for ultrasound parameters in the several studies are mentioned in Table 6 , 19 , 23 which is comparable to our study.
lIMItAtIon A n d strengths
We acknowledge that our sample size was limited to determine accurately the impact of young age and various demographic factors for development of EPL. We believe that this is the first ever study that provided centile values for gestational age between 6 weeks and 10 weeks in the region of costal Karnataka. We hope that the emerged figure from the study would help in the management of antenatal patients with risk factors. In the absence of above risk factors, EPL is unlikely, as it was 2.1% in our study.
conclusIon
In suspected cases of EPL, review scan after 7-10 days helps to avoid error in the diagnosis of viable pregnancy. Similarly, reassessment is advocated for pregnancies with extremes of US parameters in order to diagnose pregnancy mishaps earliest. An approach should include combined assessment of demographic characters and ultrasound parameters for prediction of EPL. The low HR was found to be a more sensitive predictor and an excellent performer in prediction of EPL on ROC.
clInIcAl sIgnIfIcAnce
The elderly age pregnancies are at higher risk of abortion; hence, frequent monitoring is required even in first trimester, more so, with extreme low values of ultrasound parameters. The symptoms like bleeding per vagina and suprapubic pain need timely intervention and frequent follow-up to reduce pregnancy mishaps. The detection of the fetal bradycardia is an ominous sign; hence, timely follow-up is necessary. An embryonic low HR is highly sensitive for prediction of EPL, then parameters like GSD, CRL, and GSD CRL difference. 
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